The accurate prediction of jet noise is possible only if the jet flow field can be predicted accurately. 
Introduction developed in NASA focused programs. These programs address a broad range of complex nozzle geometries opThe importance of reducing jet noise in both commercial and military aircraft applications has made jet crating in high temperature, compressible, flows. acoustics a significant area of research._ The prediction
The development of a reliable flow solver to be apof jet noise has two primary elements: the prediction of plied to noise prediction entails the proper treatment the jet flow field, including turbulence quantities, and of such issues as gas compressibility, variation of the the prediction of the acoustic field generated by that turbulence dissipation rate due to heat transfer and threeturbulent flow field. The objective of the present work is to evaluate the ability of two modem Navier-Stokes flow solvers, coupled with several modern turbulence models, to predict the mean flow and turbulence properties of a supersonic jet plume. This evaluation is accomplished by comparison with experimental jet data, permitting the weaknesses of the flow solvers and models to be identified. The ultimate goal of this research is to develop a reliable flow solver applicable to the lownoise, propulsion-efficient, nozzle exhaust systems being Overall, the qualitative behavior of the experimental data was captured fairly well by both codes and most models. For the mean quantities compared here, the algebraic-stress models did not always represent an improvement over the k -e model and the compressibility correction did not always represent an improvement over the uncorrected models.
Codes and Models
Both CFD codes used in this investigation were devel- The turbulence models employed in this investigation include both k -e and algebraic-stress two-equation models. These models span a range of models usable in practical computations today, from the more well-tested models to newer models whose capabilities are not yet so fully explored. Tests of these models give an accurate picture of the current status of flow-field computations for jet noise prediction.
In all computations, the Favre-averaged compressible Navier-Stokes equations s for the averaged density ff and the velocity components fii,
are employed, where _o denotes the Favre-averaged viscous stress and commas denote differentiation. The molecular viscosity # is determined by Sutherland's law. The Reynolds stress, rij, is modeled by the expression la
Sij = (1/2)(eij + aj,,) and W,j = (ll2)(aij -fi#,i) being the symmetric and anti-symmetric parts of the mean-vclocity-gradient tensor. The coefficients C_, a4 and as are determined by the individual turbulence models discussed below.
The turbulent kinetic energy k and the solenoidal part of the dissipation rate es (the total dissipation e = es +_c 2OF8 AMERICAN INSTITUTE OF AERONAUTICS AND ASTRONAUTICS PAPER 98-0083 is the sum of the solenoidal and curl-free dissipations; in the case of no compressibility correction, ec = 0) are determined from the conservation equations (_k),t + (_k),j = _P -_e
Es _sg (, )
,J P = -rijfii,j is the turbulence production.
The k -e model, the simplest of the models discussed here, has a4 = 0, a5 = 0 and C_ a constant (commonly and ( ).
The In order to permit integration to the wall, the damping functions and
and fx = 1, f2 = 1 are employed in ISAAC, where y+ = pyu_./la (y is normal to the wall and u_-is the wall shear velocity) and Rr = -_k2/p, es. 
0_4
that depend on the flow quantities
rl_ = a_-_S_Sij, a_ with denoted C_,) that takes the value 0.096 in the ISAAC The Girimaji algebraic-stress model _2 also employs the Reynolds-stress expression of (3), in this case with the coefficients 1
Here, rh = k2/e_SijSij and
Z--
The factor G1 is the ( 
The constant is here taken to be a¢ = 0.5.
Results and Discussion
Computations were performed at jet total temperatures of 104°F and 1550°E Runs were typically made with the grid coarsened by a factor of 2 or 4 in each direction, may be due more to differences in the codes than to differences in the models. In order to further investigate these differences, the k -e model in PAB3D was 
